The hydrogen halide-base products are insoluble in the aprotic solvents 
used, e.g. toluene, and are obtained as solids or, in the ideal case, 
precipitate from the solution. 

5 The aprotic solvent should be chosen so that apart from the acid-base 
adduct, all products and starting materials are soluble in the solvent. 
However, it is possible for the intermediates A and/or B to be only sparingly 
soluble; however, these intermediates are converted during the course of 
the reaction into a preferred readily soluble end product 

10 

The advantage of this procedure is that the insoluble hydrogen halide-base 
product can be removed from the reaction mixture by simple filtration, with 
the intermediate-containing filtrate being able to be used unchanged 
without isolation for the next step. In the simplest case, only the end 
15 product from the process has to be isolated and purified. Since the steps of 
isolation and purification require a longer period of time than the actual 
reaction, time and thus money can be saved when this procedure is 
employed. 

20 Bases used in the process of the invention are preferably tertiary amines 
such as tri-n-propylamine, diisopropylisobutylamine, N- 
cyclohexyldimethylamine, N-methylmorpholine, N-methylpiperidine, N- 
methylpyrrolidine, N,N,N,N-tetramethylethylenediamine, DBU (1 ,8- 
diazabicycloIS^.OJundec-Z-ene), DBN (1 ,5-diazabicyclo[4.3.9]non-5-ene), 

25 preferably triethylamine. 

Preferred solvents are benzene, toluene, ethylbenzene, xylene, 
cyclohexane. 

30 The process of the invention also encompasses the preparation of 
compounds in which two of the radicals R 1 to R 4 in the formula I are benzo- 
fused, i.e. R 1 and R 2 , R 2 and R 3 or R 3 and R 4 can be linked to one another 
via an aromatic ring. This makes three isomers possible, and these can be 
used separately or together as ligand systems. The bisphosphites of the 

35 formula I prepared according to the invention can therefore also be 
compounds of the formulae II, III and IV. 




The meanings of the radicals R 1 to R 6 correspond to the meanings of R 1 to 
R 4 defined for formula I. It is possible for these radicals likewise to be 
5 covalently linked to one another or to be benzo-fused. 



The process of the invention can also be used to prepare bisphosphite v s of 
the formulae V, VI and VII. 





In these formulae, W and X are aliphatic, alicyclic, aliphatic-alicyclic, 
heterocyclic, aliphatic-heterocydic, aromatic, aromatic-aromatic, aliphatic- 
aromatic hydrocarbon radicals having from 1 to 50 carbon atoms, X and W 
may be identical or different or be covalently linked to one another 
10 and R\ R 2 , R 3 R 4 , R 5 , R 6 , R 7 , R 8 and Q are as defined above. 

R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 15 , R 16 are each H or an aliphatic, alicyclic, 
aliphatic-alicyclic, heterocyclic, aliphatic-heterocydic, aromatic, aromatic- 
aromatic, aliphatic-aromatic hydrocarbon radicals having from 1 to 50 
carbon atoms, F, CI, Br, I, -CF 3 , -OR 25 , -COR 25 , -C0 2 R 25 , -C0 2 M, -SR 25 , - 




S0 2 R 25 , -SOR 25 , -SO3R 25 , -SO3M, -S0 2 NR 25 R 26 , NR 25 R 26 , N=CR 25 R 26 , 
NH 2 , where R 9 to R 16 are identical or different and may be covalently linked 
to one another. 

M is an alkali metal ion, alkaline earth metal ion, ammonium ion or 
5 phosphonium ion. 

R 25 and R 26 can be identical or different and are each H or a substituted or 
unsubstituted, aliphatic or aromatic hydrocarbon radical having from 1 to 25 
carbon atoms. 

10 

Examples of Q are bivalent hydrocarbon radicals which .may be aliphatic, 
alicyclic, aliphatic-alicyclic, heterocyclic, aliphatic-heterocyclic, aromatic, 
aromatic-aromatic or aliphatic-aromatic. Any ring systems present can in 
turn be substituted by the abovementioned hydrocarbon radicals. In open- 
15 chain structural elements, one or more methylene groups may be replaced 
by oxygen and/or sulfur and/or NR 1 and/or NH and/or one or more CH 
groups may be replaced by nitrogen. 

Q is preferably a bivalent radical containing aromatic groups. Q can be, for 

2 0 example, a phenylene radical, a naphthylene radical, a divalent bisarylene 

radical or a bivalent radical of a diphenyl ether. Furthermore, Q can have 
the general structure -Ar-V-Ar- Here, Ar is a monocyclic or oligocyclic 
bivalent aromatic radical. V is either a direct bond or a substituted or 
unsubstituted methylene group -CR 27 R 28 -, where R 27 and R 28 are each 
25 hydrogen or an aliphatic or aromatic radical having from 1 to 25 carbon 
atoms which may additionally contain heteroatoms. Furthermore, the 
radicals R 27 and R 28 may be joined to form one or more rings, i.e. have a 
covalent bond. 

3 0 Among the bisphosphites of the formulae I, II, III, IV, V, VI and VII, 

particular preference is given to those in which the radical Q is a 
hydrocarbon radical (bisarylene radical) of the formula VIII 



where 

R 17 , R 18 , R 19 , R 20 , R 2 \ R 22 R 23 , R 24 are each H or an aliphatic, alicyclic, 
5 aliphatic-alicyclic, heterocyclic, aliphatic-heterocyclic, aromatic-aromatic, 
aromatic, aliphatic-aromatic hydrocarbon radical having from 1 to 50 
carbon atoms, F, CI, Br, I, -CF 3 , -OR 25 , -COR 25 , -C0 2 R 25 , -C0 2 M, -SR 25 , - 
SOR 25 , -SO3R 25 , -SO3R 25 , -SO3M, -S0 2 NR 25 R 26 , NR 25 R 26 , N=CR 25 R 26 , 
NH 2 , where R 1 7 to R 24 are identical or different and may be covalently 
1 0 linked to one another, 

R 25 , R 26 are each H or a substituted or unsubstituted, aliphatic or aromatic 
hydrocarbon radical having from 1 to 25 carbon atoms, 
M is an alkali metal ion, alkaline earth metal ion, ammonium ion, 
phosphonium ion, 

15 where the positions a and b are the linkage points of the substituent in the 
structural element O-Q-O in the compounds of the formula I to VII. 

The following reaction sequence illustrates the process of the invention 
using the compound VII as an example: 

20 
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HOQ-OH 



b) 




R11 R12 

R16 




d) PY 3 , Base 



R1t R12 R13R14 

R10^/^\ ^""N^RIS 

R9T\ / ^R16 



where R 1 to R 4 and R 9 to R 16 are as defined above, PY 3 can be phosphorus 
trichloride, phosphorus tribromide or phosphorus triiodide and the base is in 
5 each case a tertiary amine such as triethylamine. 

In a particular embodiment of the invention, W and X are covalently linked 
and the corresponding starting material used in reaction step c) is prepared 
according to reaction step d) using an aprotic and ndnpolar solvent as 
10 described by the following scheme d). 



d) 



-OH 



•OH 



w- 



+ PY* + Base 



4- HY-Base 




As an alternative to this route, it is possible for the intermediate A firstly to 
react with the diol HO-Q-OH and the intermediate B to be subsequently 
introduced. 

5 The solvents used in the process of the invention are, of course, inert 
toward the reactants. They have to be selected so that, firstly, they dissolve 
the reactants sufficiently well and, secondly, they do not dissolve the 
hydrogen halide product, so that this by-product precipitates during the 
reaction. These requirements are met by aprotic and nonpolar solvents 
10 such as toluene. 

The solvents used have to be largely free of water and oxygen; preference 
is given to solvents having a water content of 0 - 500 ppm, particularly 
preferably 0 - 250 ppm. The water content can, for example, be determined 
15 by the Karl Fischer method. 

The solvent can be dried by distillation of the solvent over a suitable 
desiccant or by passing the solvent through a cartridge or column filled, for 
example, with 4 A molecular sieves. 

20 

The process steps a), b), c) and d) are preferably carried out at 
temperatures of from -80°C to 150°C; in most cases, it has been found to 
be useful to work at temperatures of from -20°C to 110°C, particularly 
preferably from 0°C to 80°C. 

25 . . 

The hydrogen halide-base adduct is removed from the reaction mixture by 
filtration after at least one, preferably after each, of the reaction steps a), b), 
c) and d). 

3 0 In this filtration, solid constituents are separated from the solution by 
passage through a porous layer, viz. the filter medium, which is permeable 
to the solution and holds back the solid. Methods of filtration are 
summarized in C. Alt, Filtration, Ullmanns Enzyklopadie der technischen 
Chemie, 4 th Edition, Verlag Chemie, Weinheim, 1972, Vol. B2, Chapters 9 

35 and 10. 



To monitor the process steps a), b), c) and d), it is possible to employ 
general analytical methods such as mass spectroscopy (MS), gas 
chromatography either coupled with mass spectroscopy or on its own 
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(GC/MS or GC), liquid chromatography either coupled with mass 
spectroscopy or on its own (LC/MS or LC) or nuclear magnetic resonance 
spectroscopy (NMR). 

The process steps a), b), c) and d) are carried out under protective gas 
such as nitrogen or argon because of the oxidation sensitivity of the 
reactants. 

The process steps b) and c) can be carried out without interruption in a 
single-vessel process, so that the number of process steps can be 
minimized. 

Examples 

The following examples were carried out with the aid of standard Schlenk 
techniques, although the synthesis can also be carried out on a kg scale. 



Example 1 

Preparation of compound 1 



OMe 



MeO' 




MeO 



Process step a) 

In a 500 ml Schlenk tube, 23.4 g (0.17 mol) of salicylic acid are admixed 
with 170 ml of toluene. 50 ml of toluene, 71,0 ml (51.6 g; 0.51 mol) of 
triethylamine and 14.8 ml (23.3 g; 0.17 mol) of phosphorus trichloride are 
introduced in succession into a 500 ml Schlenk tube while stirring. This 
solution is added dropwise to the salicylic acid/toluene mixture over a 
period of 40 minutes while stirring at 0-4°C. After the. addition is complete, 
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the mixture is warmed to room temperature over a period of 2 hours and is 
subsequently stirred for another 2 hours at room temperature. During this 
time, the triethylammonium chloride formed precipitates as a white solid 
and is separated off via a frit. The filtrate is analyzed by GC/MS and stored 
5 until it is reacted further in process step d). 

Process step b) 

35.8 g (0.1 mol) of S.S'-tert-butyl^^'-dihydroxy-S.S'-dimethoxybiphenyl are 
admixed with 180 ml of toluene and 46 ml (= 33.4 g; 0.33 mol) of 

10 triethylamine and dissolved with stirring. This solution is added dropwise to 
a solution of 8.77 ml (= 13.8 g; 0.1 mol) of phosphorus trichloride in 80 ml 
of toluene over a period of 1 hour 30 minutes at a temperature of 0 - 4°C 
while stirring. After the addition is complete, the mixture is warmed to room 
temperature over a period of 2 hours and is subsequently stirred for 

15 another 2 hours at room temperature. During this time, the 
triethylammonium chloride formed precipitates as a white solid. This is 
separated off with the aid of a frit, the filtrate is analyzed by GC/MS and 
stored until it is reacted further in process step c). 

2 0 Process step c) 

In a 1 I Schlenk tube, 35.8 g (0.1 mol) of S^Mert-butyl^'-dihydroxy-S^'- 
dimethoxybiphenyl are dissolved in 300 ml of toluene and 13.9 ml (= 10.12 
g; 0.1 mol) of triethylamine while stirring. The solution prepared in process 
step b), which contains the intermediate B, is added dropwise at room 

25 temperature to the above solution over a period of 2 hours. After the 
addition is complete, the mixture is stirred at room temperature for another 
30 minutes, with triethylammonium chloride precipitating as a white solid. 
To check for complete conversion, the solution of the reaction mixture is 
analyzed by means of LC/MS. If the starting compounds have not reacted 

30 completely, the reaction mixture is heated at 80°C for 2 hours. After cooling 
to room temperature, the triethylammonium chloride which has precipitated 
is filtered off via a frit and the filtrate is stored for further processing in 
process step d). 

35 Process step d) 

15.9 ml (= 11.57 g; 0.11 mol) of triethylamine are added to the filtrate from 
process step c), which contains the intermediate C. The filtrate from 
process step a), which contains the intermediate A, is added dropwise to 
this solution at 0°C over a period of 2.5 hours. The reaction mixture is 
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subsequently warmed to room temperature and stirred at room temperature 
for another 2 hours. For the work-up, the precipitated triethylammonium 
chloride is filtered off via a frit. After the solvent has been distilled off from 
the filtrate in an oil pump vacuum, the residue is slurried in 400 ml of 
5 acetonitrile, the product is filtered off via a frit, the residue is washed twice 
with 50 ml of acetonitrile and finally dried in an oil pump vacuum. 
Total yield: 40 - 60% (based on the biphenyl compound) 

Purity ( 31 P-NMR): >99% 

31 P NMR (CD2CI2): 5 119.2 (m); 119.8 (m); 139.5 (m); 140.1 (m); 
10 1 H NMR(CD 2 CI 2 ): 1.02.. 1.26 (36 H); 3.67..3.Z4 (12 H); 6.43..7.99 

(12 H); 

FAB-MS: m/e 91 1 (100%, M+), 744 (18%), 387 (13%). 

Example 2 

15 Process steps a) and d) as in Example 1 . 
Process steps b) and c): 

In a 1 I Schlenk tube, 71.6 g (0.2 mol) of 3,3-tert-butyl-2,2'-dihydroxy-5,5,- 
dimethoxybisphenol are dissolved in 450 ml of toluene and 59.9 ml (0.43 

2 0 mol) of triethylamine while stirring. Half of this solution is added dropwise 
while stirring at -20°C to a solution of 8.77 ml (0.1 mol) of phosphorus 
trichloride in 80 ml of toluene over a period of 1 hour 30 minutes. After the 
addition is complete, the mixture is warmed to 0 - 4°C over a period of 2 
hours and is stirred for another 2 hours. The second half of the 

2 5 bisphenyl/triethylamine solution is added to the above solution at 0 - 4°C 
over a period of 1 hour 30 minutes. The reaction mixture is warmed to room 
temperature and stirred for another 2 hours. To check for complete 
conversion, the solution of the reaction mixture is analyzed by means of 
LC/MS. If the starting compounds have not yet reacted completely, the 

30 reaction mixture is heated at 80°C for 2 hours. After cooling to room 
temperature, the triethylammonium chloride which has precipitated is filtered 
off via a frit and the filtrate is stored for further processing Process step d). 
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Claims: 



A process for preparing bisphosphites of the formula I 




(i) 



5 



10 



15 



20 



where R 1 , R 2 , R 3 , R 4 are each H or an aliphatic, alicyclic, aliphatic- 
alicyclic, heterocyclic, aliphatic-heterocyclic, aromatic, aromatic- 
aromatic, aliphatic-aromatic hydrocarbon radical having from 1 to 50 
carbon atoms, F, CI, Br, I, -CF 3 , -OR 7 , -COR 7 , -C0 2 R 7 , -C0 2 M, -SR 7 , 
-S0 2 R 7 , -SOR 7 , -SO3R 7 , -SO3M, -S0 2 NR 7 R 8 , NR 7 R 8 , N=CR 7 R 8 , 
NH 2 , where R 1 to R 4 are identical or different and may be covalently 
linked to one another, 

R 7 , R 8 are each H or a substituted or unsubstituted, aliphatic or 
aromatic hydrocarbon radical having from 1 to 25 carbon atoms and 
are identical or different, 

M is an alkali metal ion, alkaline earth metal ion, ammonium ion, 
phosphonium ion, 

Q is a divalent aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic, 
aliphatic-heterocyclic, aromatic, aliphatic-aromatic hydrocarbon 
radical having from 1 to 50 carbon atoms, 
Z, Y are each CI, Br, I, 

W, X are each an aliphatic, alicyclic, aliphatic-alicyclic, heterocylic, 
aliphatic-heterocyclic, aromatic, aromatic-aromatic, aliphatic- 
aromatic hydrocarbon radical having from 1 to 50 carbon atoms and 
may be identical or different or be covalently linked to one another, 
which comprises carrying out the reaction sequence 




A 



wherein the reaction steps a), b) and c) are carried out in aprotic and 
nonpolar solvents. 

The process as claimed in claim 1 , wherein tertiary amines are used 
as base. 

The process as claimed in claim 1 or 2, wherein benzene, toluene, 
ethylbenzene, cyclohexane are used as aprotic and nonpolar 
solvent. 

The process as claimed in any of claims 1 to 3, wherein the adduct 
base • HY or base • HZ is filtered off after at least one of the 
reaction steps a), b) and c). 

The process as claimed in any of claims 1 to 4, wherein W and X are 
each an aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic, aliphatic- 
heterocyclic, aromatic, aromatic-aromatic, aliphatic-aromatic 
hydrocarbon radical having from 1 to 50 carbon atoms and are 
covalently linked as in the formula V 
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where R 1 , R 2 , R 3 , R 4 and Q are as defined in claim 1 and subject to 
the provisos therein. 

5 

6. The process as claimed in any of claims 1 to 4, wherein W and X are 
each an aromatic hydrocarbon radical having from 1 to 50 carbon 
atoms and are covalently linked as shown in the formula VI 




io R 14 «f 

where R 9 , R 10 , R 11 , R 12 R 13 , R 14 are each H or an aliphatic, alicyclic, 
aliphatic-alicyclic, heterocyclic, aliphatic-heterocyclic, aromatic- 
aromatic, aromatic, aliphatic-aromatic hydrocarbon radical having 

15 from 1 to 50 carbon atoms, F, CI, Br, I, -CF 3 , -OR 25 , -COR 25 , - 

C0 2 R 25 , -C0 2 M, -SR 25 , -SO2R 25 , -SOR 25 , -SO3R 25 , -S0 3 M, - 
S0 2 NR 25 R 26 , NR 25 R 26 , N=CR 25 R 26 , NH 2 , where R 9 to R 14 are 
identical or different and may be covalently linked to one another. 
R 25 and R 26 are each H or a substituted or unsubstituted, aliphatic or 

2 0 aromatic hydrocarbon radical having from 1 to 25 carbon atoms and 

may be identical or different, 

M is an alkali metal ion, alkaline earth metal ion, ammonium ion, 
phosphonium ion and 
R 1 , R 2 , R 3 , R 4 and Q are as defined in claim 1 and subject to the provisos 
25 therein. 
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The process as claimed in any of claims 1 to 4, wherein W and X are 
each an aromatic hydrocarbon radical having from 1 to 50 carbon 
atoms and are covalently linked as shown in the formula VII 




Q O P 




(VII) 



where R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 15 , R 16 are each H or an aliphatic, 
alicyclic, aliphatic-alicyclic, heterocyclic, aliphatic-heterocyclic, 
aromatic-aromatic, aromatic, aliphatic-aromatic hydrocarbon radical 
having from 1 to 50 carbon atoms, F, CI, Br, I, -CF 3 , -OR 25 , -COR 25 , 



-C0 2 R 25 , -C0 2 M, -SR^, -S0 2 R^, -SOR* 3 , -S0 3 R^, -S0 3 M, - 
S0 2 NR 25 R 26 , NR 25 R 26 , N=CR 25 R 26 , NH 2 , where R 9 to R 16 are 
identical or different and may be covalently linked to one another, 
R 25 and R 26 are each H or a substituted or unsubstituted, aliphatic or 
aromatic hydrocarbon radical having from 1 to 25 carbon atoms and 
may be identical or different, 

M is an alkali metal ion, alkaline earth metal ion, ammonium ion, 
phosphonium ion and 

R 1 , R 2 , R 3 , R 4 and Q are as defined in claim 1 and subject to the 
provisos therein. 



>25 



25 



,25 



,25 



The process as claimed in any of claims 1 to 7, wherein Q is a 
hydrocarbon radical of the formula VIM 
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8 



(VIII) 



where R 17 R 18 , R 19 , R 20 , R 21 , R 22 , R 23 , R 24 are each H or an 
aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic, aliphatic- 
heterocyclic, aromatic-aromatjc, aromatic, aliphatic-aromatic 
hydrocarbon radical having from 1 to 50 carbon atoms, F, CI, Br, I, - 
CF 3 , -OR 25 , -COR 25 , -C0 2 R 25 , -C0 2 M, -SR 25 , -S0 2 R 25 , -SOR 25 , - 
S0 3 R 25 , -SO3M, -S0 2 NR 25 R 26 , NR 25 R 26 , N=CR 25 R 26 , NH 2 , where R 17 
to R 24 are identical or different and may be covalently linked to one 
another, 

R 25 and R 26 are each H or a substituted or unsubstituted, aliphatic or 
aromatic hydrocarbon radical having from 1 to 25 carbon atoms, 
M is an alkali metal ion, alkaline earth metal ion, aitimonium ion, 
phosphonium ion 

with the positions a and b serving as linkage points. 

The process as claimed in any of claims 1 to 8, wherein X and W are 
covalently linked and the corresponding starting material used in 
reaction step c) is prepared according to reaction step d) in an 
aprotic and nonpolar solvent 



d) 



W — —OH 



-OH 



W- — O 



+ PYi + Base 



X O 



• Y + HY-Base 




The present invention relates to a process for preparing bisphosphites 
which contain dioxaphosphorinone units. 



